
VfGRLD INTELLECTUAL PROPERTY ORGANrZATION
International Bureau

PCX
INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classiacation ^
:

C07D 471/04 Al
(11) International Publication Number: WO 97/48703

(43) International Publication Date: 24 December 1997 (24. 1 2.97)

(21) International Application Number: PCr/US96/16913

(22) International Filing Date: 22 October 1996 (22.10.96)

(30) Priority Data:

08/669.895 21 June 1996(21.06.96) US

(71) Applicant: MINNESOTA MINING AND MANUFACTUR.
ING COMPANY [US/USJ; 3M Center, P.O. Box 33427.

Saint Paul. MN 55133-3427 (US).

(72) Inventor: LINDSTROM, Kyle, J.; P.O. Box 33427. Saint Paul,

MN 55133-3427 (US).

(74) Agents: RINGSRED. Ted, K. et al.; Minnesota Mining and

Manufacturing Company, Office of Intellectual Property

Counsel, P.O. Box 33427. Saint Paul, MN 55133-3427 (US).

(81) Designated States: AL. AM. AT. AU, AZ. BA, BB. BG. BR.
BY. CA. CH. CN. CU. CZ. DE. DK. EE. ES. H. GB. GE.
HU. IL, IS, JP. KE. KG. KP. KR, KZ, LC. LK, LR. LS.
LT. LU. LV. MD, MG, MK. MN, MW, MX, NO, NZ. PL.

PT. RO, RU. SO. SE, SG. SI. SK. TJ, TM. TR. TT, UA.
UG. UZ. VN, ARIPO patent (KE, LS, MW, SD, S2, UG).
Eurasian patent (AM. AZ. BY, KG, KZ. MD, RU. TJ. TM).
European patent (AT. BE. CH. DE. DK, ES. FI, FR, GB,
GR, IE. IT, LU. MC, NL, PT. SE), OAPI patent (BF, BJ.

CF. CG. a, CM, GA. GN. ML. MR. NE. SN. TD, TG).

Published

With international search report.

With amended claims.

(54) Title: PROCESS FOR PREPARING TETRAHYDROIMIDAZOQUINOLINAMINES

(57) Abstract

A process for preparing 6. 7. 8. 9-tetrahydro-lH-imidazo[4.5-c]quinolin-4-amines is disclosed. The process involves the reduction of

a lH-imidazo[4,5-c]quinolin-4-amine or of a 6H-imidazo(4,5<c]tetrazolo[l,5-a}quinoline.



FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

AL Albania ES Spain LS Lesotho Si Slovenia

AM Anneni& Fl Finland LT Lithuania SK Slovakia

AT Aimria FR France LU Luxembourg SN SenegaJ

AV Australia GA Gabon LV Latvia sz Swaziland

AZ Aznteijin GB United KiDgdoro MC Monaco TO Chad
BA Bosnia ud Herzegovina GE Georgia MD Republic of Moldova TG Togo
BB Bwiiwlos GH Ghana MG Madagascar TJ Tajikistan

BE Belghm GN Gttinea MK The fcnner Yugoslav TM TUfkmenistan

BF Burtiaa Faio GR Qieece Republic of MKcdonia TR IXurkcy

BG Bulgaria UU Hunguy ML Mali TT IVinidad and Tobago

BJ Benin IE Ireland MN Mongolia UA Ukraine

BR Brazil IL Unci MR Mauritania UG Uganda

BY Bctam IS Iceland MW Malawi US United States of America

CA Canada IT baly MX Mexico UZ Uzbekistan

CF Central African Republic JP Japan NB Niger VN Viet Nam
CO Congo KE Kenya NL Netherlands YU Yugoslavia

CH SwiUBcrland KG Kycgyzstan NO Norway ZW Zimbabwe

a Cfted'Ivoiie KP Democratic taiple*s NZ New Zealand

CM Republic of KoiCB PL Poland

CN Chiaa KR Republic of Korea - FT Portugal

CV Cuba KZ Kftzakstan RO Romania

CZ Czech Republic LC Saint Lttcia RU Rttuian Federation

DE Germany U Laechtenatein SD Sudan

DK Denmark LK Sri Lanka SE Sweden

EE Estonia LR Liberia SG Singapore



wo 97/48703 PCTAJS96/16913

PROCESS FOR PREPARING

TETRAHYDROIMIDAZOQUINOLINAMINES

Background ofthe Invention

5 TwMcBl Field

TMs invention rdates to processes for preparing 6,7»8,9-tetrahydro-lH-

imidazo[4,S-c]quinolin-4-aniines.

Description ofthe Related Ail

10 Certain inununomodulator 6,7,8,9-tetrahydro- 1HHniidazo[4,S-c]quinoUn-4-

amines and methods for their preparation are known and disclosed in U.S. Pat. No.

S,3S2,784 (Nikolaides). The methods disclosed involve starting with either a cyclic

P-ketoester or a 5,6,7,8-tetrahydro-4-hydroxy-3-nitro-2(IH)-qiiinolinone and

building the remaindo* ofthe molecule.

15 Summary ofthe Invention

This invention provides a process for preparing a compound ofFormula I

20 wherein

Ri is selected from the group consisting ofhydrogen; cydoalkyl ofthree,

four, or five carbon atoms; straight chain or branched diain alkyl containing one to

about ten carbon atoms and substituted straight chmn or branched chain alky]

containing one to about ten carbon atoms, wherein the substituent is selected from

25 the group consisting of cycloalkyl contaiiung three to about six carbon atoms and

cycloalkyl containing three to about sbc carbon atoms substituted by straight chain

or branched chain alkyl containing one to about four carbon atoms; hydroxyalkyl of

-1-
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one to aboutm caibon atoms; alkoxyaikyl vdierem the alkoxy moiety contains one

to about four carbon atoms and the all^l moiety contains two to about six carbon

atom^ acyloxyaUcyl v^erdn the hcyloxy moiety is alkanoyloxy oftwo to about four

carbon atoms or benzoyloxy, and the alkyi moiety contains one to about six carbon

5 atoms; aminoalkyi ofone to about four carbon atoms; morphoIinoaUcyl wherein the

alkyl moiety contains two to about four carbon atoms;

R2 is selected fix)m the group consisting ofhydrogen, straight chain or

branched chain alkyl containing one to about eight carbon atoms and -C(R«)(RiXX)

wherein Rs and Rt are independently selected from the group consisting of

10 hydrogen and alkyl ofone to about four carbon atoms,

X is selected from the group consisting ofalkoxy containing one to about

four caibon atoms, alkoxyaikyl wherdn the alkoxy moiety contains one to about

four carbon atoms and the alkyl moiety contains one to about four carbon atoms,

alkylamido wherdn the alkyl group contains one to about four carbon atoms,

15 amino, substituted amino wherein the substituent is alkyl or hydroxyalkyi ofone to

about four carbon atoms, and nK>rpholinoalkyl wherein the alkyl moiety contains

one to about four carbon atoms, and

Ris selected from the group consisting ofhydrogen, straight chain or

branched chain alkyl containing one to about four carbon atoms;

20 comprising the steps of:

(i) providing a compound ofFormula n

n

25 wherein R, Ri, and R2 are as defined above;

(ii) reducing a solution or suspension ofthe compound ofFormula n in a strong

add in the presence ofplatinum (IV) oxide under hydrogen pressure;

-2.
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Oil) isolating the compound ofFormula I or a pharmaceutically acceptable

addition salt thereof.

This invention also provides a process for preparing a compound ofFormula

I

wherdn R, Ri and R2 are as defined above,

comprising the steps of:

10 (i) providing a compound ofFormulam

wherein R, R|, and R2 are as defined above;

15 0i) reducing a solution or suspaision ofthe compound ofFormula in in a

strong acid in the presence ofplatinum (TV) oxide under hydrogen pressure;

(iii) isolating the compound ofFormida I or a pharmaceutically acceptable

addition salt thereof



wo 97/48703 PCT/US96/16913

Detailed Description ofthe Invention

Substituents designated parenthetically herein indicate that the substituent is

optionally present, e.g., a 4-(substituted) amino omipound contains either an

unsubstituted 4-aniino group or a substituted 4-anuno group.

5 Reaction Scheme I illustrates a process ofthe invasion. Compounds of

Formulan and methods for thdr preparation are known and disclosed, e.g., in

European Patent Application 90.301776.3. U.S. Pat Nos. 4,689,338 (Gerstcr),

4,988.815 (Andre), 5,175.296 Gerster), 5,266,575 (Gerster), 5,376,976 (Gerster).

5,389,640 (Gerster) and 5,395,937 (Nikolaides) all seven patents being

10 incorporated herein by reference.

Reaction Scheme I

In step(l) ofReaction Scheme I a 4-aniino-6,7,8,9-tetrahydro-lH-

15 imidazo[4,5-c]quinoline ofFormula I is provided by reducing a 4-amino-lH-

inudazo[4,S-c]quinoline ofFonmda n. The reduction is carried out by suspending

or dissolving a compound ofFormula II in a strong add (e.g., trifluoroacetic acid or

concentrated sulfiiric add), adding a catalytic amount ofplatinum (IV) oxide, then

subjecting the mbcture to hydrogen pressure [25 to 100 pst (1.72 X lO' to 6.89 X

20 lO'Pa)]. Optionally, a solvent such as ethanol may be induded. The preferred

method is to use trifluoroacetic add without any additional solvent. The reaction

may conveniently be carried out in a Paar apparatus. The product or a

pharmaceutically acceptable addition salt thereof is isolated using conventional

methods.
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Reaction Scheme n, wherein R, Ri and R2 are as defined above, illustrates

a process ofthe invention. The unsubstituted compound ofFormula IV is a known

compound and other compounds ofFormula IV can be prepared by methods known

to those skilled in the art and disclosed, e.g., in Chemistry ofHeterocyclic

5 Compounds (EngBsh Edition), 1981, 16, (12), 1286-1288 (Zyryanov).

I

Reaction Scheme n

In step (1) ofReaction Scheme II a 4-nitrotetrazolo[l,S-a]quinoUn-S-ol of

10 Formula V is provided by nitrating a tetrazolo[l,S*a]quinolin-S-ol ofFormula IV.

Conventional conditions for such reactions are well known. Preferred conditions in

the instance where R is hydrogen involve heating in acetic add in the presence of

.5.
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nitric add. Preferred conditions in other instances will depend upon the particular

tetrazoio[l,S-a]qiunoiin-S-ol use4 and those skilled in tfie art will be able to select

suitable conditions. The product can be isolated from the reaction mixture using

conventional methods.

5 In step (2) ofReaction Scheme H a 4-nitrotctrazoloCl,5^i]quinolin-5-

sulfonate ofFormub VI is provided by reacting a 4-nitrotetrazolo[l»S*a]quinoIin-S-

ol ofFormula V with a sulfonyl halide or preferably a sulfonic anhydride. Suitable

sulfonyl halides include allcylsulfonyl halides such as methanesulfonyl chloride and

trifluoromethanesulfonyl chloride, and arylsulfonyl halides such as benzenesulfonyl

10 chloride, p-bromobenzencsulfonyl chloride and p-tohienesulfonyl chloride. Suitable

sulfonic anhydrides include those correspondmg to the above-mentioned sulfonyl

halides. Sulfonic anhydrides are preferred in view of the fact that the sulfonate

anion generated as a by-product ofthe reaction is a relatively poor nucleophile and

as such does not give rise to undesired side products such as those in which the

13 nitro group is displaced. A particulariy preferred sulfomc anhydride is

trifluoromethanesulfonic anhydride.

The reaction is preferably carried out by combining a compound ofFormula

V with a base, preferably an excess ofa tertiary amine base (e.g.» a trialkylamine

base such as triethyl amine) in a suitable solvent such as dichlorometbane and then

20 adding the sulfonyl halide or sulfonic anhydride. The addition is preferably carried

out in a controlled fashion (e.g., dropwise) and at a reduced temperature (e.g.,

about O^C). The product can be isolated by conventional methods or it can be

carried on without isolation as described below in connection with step (3).

In step (3) ofReaction Sdiemc n a 4-nitrotetrazolo[l,5-a]quinoIin-5-amine

25 ofFormula VII is provided by reacting a 4-nitrotetraozolo[l,5-a]quinolin-5-

sulfonate ofFormula VI with an amine, preferably in the presence of an excess of an

amine base in a solvent such as dichlorometbane. Suitable amines include ammonia

and prtferably primary amines. Primary amines provide S-substituted amino

compounds ofFormulaVn wherein the amiiK> substituent is represented by Ri.

30 Particularly preferred amines inchide isobutylamine and 2-aminomethyi-2-propanol

-6-
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The reaction can be carried out by adding an excess ofamine to the reaction

mixture resulting from Step (2). The reaction can also be carried out by adding an

excess ofamine to a solution ofthe compound ofFonnula VI in a solvent such as

dichloromethane. As the sulfonate is a relatively facile leaving group the reaction

5 can be nin at ambient temperature. The product can be isolated from the reaction

mbcture using conventional methods.

In step (4) ofReaction Scheme II a tetrazoIo[l,S-a]quinolin-4,S-diamine of

Formula Vin is provided by reducing a 4-nitrotetrazolo[l,S-a]quinolin-S*aniine of

Formula VII. Methods for such reduction are well know to those skilled in the art.

10 Preferably the reduction is carried out using a conventional heterogeneous

hydrogenation catalyst such as platinum on carbon or palladium on carbon. The

reduction can be convemmtiy carried out on a Paar q)paratus in a solvent such as

ethanol. The product can be isolated from the reaction nuxture using conventiorud

methods.

15 In step (S) ofReaction Scheme n a 6H-iinidazo[4,S-c]tetrazolo[l,S-

a]quinoline ofFormulam is provided by reacting a tetra201o[l,S-a]quinolin-4,5-

diamine ofFormulaVm with a carboxylic add or an equivalent thereof Suitable

equivalents to carboxylic acid include acid halides, orthoesters, and 1,1-

dialkoxyalkyl alkanoates. The carboxylic add or equivalent is selected such that it

20 will give rise to the desired 6-substituent in the compound ofFormula III wherein

the 6-substituent is designated R^ (e.g., acetyl diloride will give rise to a compound

where R2 is methyl). The reaction can be run in the absence of solvent or preferably

in an inert solvent in the presence ofa carboxylic acid or equivalent thereof with

sufiBcient heating to drive ofif any alcohol or water formed as a side product ofthe

25 reaction. The product can be isolated from the reaction mixture using conventiorud

methods.

In step (6) ofReaction Scheme n a 4-amino-6,7,8,9-tetrahydro-lH-

irmdazo[4,5-c]quinoline ofFormula I is provided by reducing a 6H-tmidazo[4,5-

c]tetrazolo[l ,5-a]qiunoIine ofFormula HI. The reduction is carried out by

30 suspending or dissolving a compound ofFormulam in a strong acid (e.g.,

trifluoroacetic acid or concentrated sulfuric add), adding a catalytic amount of

-7-
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platiiium (TV) oxide» then subjecting the mixture to fayckogen pressure [25 to 100

psi (1.72 X 10^ to 6.89 X 10^ Pa)]. Optionally, a solvent such as ethanol may be

included. The preferred method is to use trifluoroacetic add without any additional

solvent. The reaction may conveniently be carried out in a Paar apparatus. The

5 product or a pharmaceutically Bcceptablc addition sak thereof is isolated using

conventional methods.

In Reaction Scheme n, R' can be any group that can be incorporated into a

sulfonyl halide or a sulfonic anhydride. Alkyl (e.g., methyl), haloalkyi including

perfluoroalkyl (e.g., trifluorometl^l) and aryl (e.g., phenyl, halophenyl and tolyl) are

10 all suitable.

Reaction Scheme III, wherein R, Rt and R2 are as defined above, illustrates

a process ofthe invention. Compounds ofFormula DC and methods for their

preparation are known and disclosed, e.g., in U.S. Pat Nos. 4,9S8,81S (Andre), and

5,268,376 (Gerster), both patents being incorporated herein by reference.

15

I m

Reaction Sdieme ID

.8-
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10

In step (1) ofReaction Scheme in a 4-nitrotetrazolo[l,S-a]quinolin-S-

amine ofFonmilaVn is provided by reacting a (4-substituted) anuno-2-chloro-3-

nitroquinoline ofFormula IX with sodium azide. The reaction can be carried out by

combining the compound ofFormula DC with sodium azide in a suitable solvent

such as N,N-dimethylformamide and heating (about SO^C). The product can be

isolated from the reaction mbcture using conventional methods.

Steps (2), (3) and (4) ofReaction Schemem can be carried out in the same

manner as steps (4), (S) and (6) ofReaction Scheme II respectively.

Reaction Scheme IV, wherdn R, Ri and R2 are as defined above, illustrates

a process ofthe invention. Compounds ofFormula X and methods for their

preparation are known and disclosed. e.g., in European Patent implication

90.301776.3, U.S. Pat Nos. 4,689.338 (Gcrster), 4,698,348 (Gerster). 4,988,815

(Andre), and 5,389,640 (Gerster) all four patents being incorporated herein by

reference.

NH2

Reaction Scheme IV

-9.
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In stq> (1) ofReaction Scheme IV a 4-hydrazino-lH-imidazo[4»S-

c]quinoline ofFormula XI is provided by reacting a 4-chIoro-lH*imidazo[4,S-

c]quinoline ofFormula X with hydrazine. The reaction can be carried out

combining a compound ofFormulaX with an excess ofhydrazine and heating if

5 necessary. The product can be isolated from the reaction mixture using

conventional methods.

In step (2) ofReaction Scheme IV a 6H-imidazo[4,S-c]tetrazolo[l,5-

a]quinoline ofFormulam is provided by reacting a 4-hydrazino-lH-iniidazo[4,S<-

c]quinoline ofFormula XI with sodium nitrite. The reaction can be carried out by

10 combining the compoimd ofFormula XI with sodium nitrite in a suitable solvent

(e.g., water) in the presence of an add (e.g., acetic add). The product can be

isolated from the reaction mixture using conventional methods.

Step (3) ofReaction Sdieme IV can be carried out in the same manner as

step (6) ofReaction Scheme n.

15 The compounds ofFormula I can be used in the form ofadd addition salts

such as hydrochlorides, dihydrogen sulfates, trihydrogen phosphates, hydrogen

mtrates, methane sulfonates and salts ofother pharmaceutically acceptable adds.

Pharmaceutically acceptable add addition sahs ofFormula I are generaOy prepared

by reaction ofthe respective compound with an equimolar amount ofa strong acid,

20 preferably an inorganic add such as hydrochloric, sulfuric or phosphoric add or an

organic acid such as methanesulfonic acid in a polar solvent. Isolation ofthe salt is

facilitated by the addition of a solvent in which the salt is insoluble (e.g., diettiyl

ether).

The processes ofthe invention provide as a final product a 6,7,8,9-

25 tetrahydro-lH-imidazo[4,S-c]quinolin-4-amine, preferred embodiments ofwhich

are represented by Formub L Preferred Ri substituents are straight diain and

branched chain alkyl containing one to about ei^t cari>on atoms and hydroxyalkyl

wherdn the aDcyi moiety contains one to about ax carbon atoms. The most

preferred Ri substituents are 2-methylpropyl and 2-hydroxy-2-methylpropyl.

30 Preferred R2 substituents are hydrogen, straight and branched chain alkyl containing

one to about sbc carbon atoms, and alkoxyalkyl wherein the alkoxy moiety contains

-10-



wo 97/48703 PCT/US96/16913

one to about four carbon atoms and the aUcyl moiety contains one to about four

carbon atoms. The most preferred R2 substituents are hydrogen, methyi and

ethoxymethyl. The preferred R substituent is hydrogen.

The 6,7»8,9-tetrahydro-lH-imidazo[4,S-c]quinolin-4-amines prepared by the

5 processes ofthe invention are disclosed in U.S. Pat. No. 5.352,784 (Nikolaides) as

inununomodulators.

The processes described above are illustrated in the Examples below. All

parts and percentages are by weight unless otherwise indicated.

Example 1

10 a,a-Dimethyl-6H-imidazo[4,5-c]tetrazolo[ l,5-a]quinoline-6-^hanol

A suspension of 4-chloro-a,a-dimethyl-lH-imidazo[4,5-c]quinoline-l-

ethanol (1.0 g. 3.6 mmole, U.S. Pat. No. 4.689,338 Example 189 Part D) in

hydrazine (3 roL, 6.9 mmole) was heated on a steam bath for 1 hour then diluted

with water. The resulting precipitate was isolated by filtration. The solid was

15 dissolved in a mixture ofacetic acid (2 mL) and water (15 mL) then combined with

a solution ofsodium nitrite (0.5 g) in water. The resulting precipitate was isolated

by filtration, washed with water and dried to provide 0.71 g ofa,a-dimethyl-6H-

imidazo[4,5-c]tetra2olo[l,5-a]quinoline-6^thanol as a white solid, m.p. 246-247X

(shrunk at 230*'C). Analysis: Calculated for Ci4Hi4N60: %C, 59.56; %H. 5.00;

20 %N, 29.77; Found: %C, 59.45; %H. 5.06; %N. 29.5 1

.

Example 2

4.Amino^x,a<<itmethyl-6J,8,9-tetrahydro-lH-imidaTO[4,5-c]qu^^

A catalytic amount ofplatinum (TV) oxide was added to a solution ofa,a-

dimethyl-6H-inudazo[4,5-c]tetrazolo[l,5-a]quinoline-6-ethanol (0.40 g, 1.4 mmole,

25 Example 1) in trifluoroacetic add (10 mL). The mbcture was hydrogenated at 50

psi (3.44 X 10^ Pa) for 48 hours. The catalyst was removed by filtration and

washed with ethanol. The filtrate was concentrated under vacuum using heptane to

azeotrope the trifluoroacetic add. The resulting oil solidified on standing. The

solid was dissolved in water containing enough hydrochloric add to form a salt of

30 the product. The aqueous solution was filtered through charcoal. The filtrate was

made basic with ammonium hydroxide. The resulting precipitate was isolated by

•11.
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filtration and dried to provide 0.3 g of4-amino-<z»a-dunetfayl-6,7,8,9-tetrafaydro-

lH-imidazo[4,S-c]quinoIine-l*ethanol as a white solid, ntp. 2S9.S<261.3''C.

Analysis: Calculated for Ci4HaoN40: %C, 64.59; %H, 7.74; %N. 21.52; Found

%C, 64.49; %H. 7.63; %N. 21,41.

5 Examples

4-Anuno-c^a,2-triniethyl-6,7,8,9-tetrafaydro*lH-tmidazo[4,5-c]quinoline- 1-ethanol

Platinum (TV) oxide (2.3 g) was added to a solution of4«amino-a,a,2-

trimethyl*lH-tmidazo[4,5-c]quinoiine-l-ethanol (10 g, 32 mmole, U.S. Pat No.

5»266,S75 Comparative Example CI) in trifluoroacetic add (200 mL). The

10 mixture was hydrogenated at 50 psi (3.44 X 10^ Pa) for 5 days. The catalyst was

removed by filtration. The filtrate was concentrated imder vacuum. The residue

was diluted with water then combined with aqueous 10% sodium Iqrdroxide. This

mixture was stirred for one hour. A precipitate was isolated by filtration and dried

to provide 9.7 g of4-amino-€i,o^2-trimethyl-6,7,8,9-tetrahydro-lH-imidazo[4.S-

15 c]qiunofine-l-ethanol as solid, m.p.290-292^C. Analysis: Calculated for

C15H22N4O: %C, 65.67; %H. 8.08; %N, 20.42; Found: %C. 65.45; %H, 7.68; %N.

20.52.

Example 4

4-Amino-2-butyl-a,a,-dimethyl-6,7,8.9-tetrahydro-

20 1H-inudazo[4,5-clquinoline- 1-ethanol

Platinum (IV) oxide (0.3 g) was added to a suspension of4-amino-2-butyi-

a,a,Hiimethyl-lH*imtdazo[4»5-c]quinoline-l-^hanol (l.O g. 3.2 mmole) in

trifluoroacetic add (20 mL). The mixture was l^drogenated at 50 psi (3.44 X 10^

Pa) for 3 days. The reaction mixture was filtered to remove the catalyst then

25 concentrated under vacuum. The resultiiig residue was covered with water and

aqueous sodium bicarbonate. A white solid was isolated by filtration then

recrystallized firom ethyl acetate. The reaction was repeated using 1.5 g ofstarting

material. The combined products were taken up in dichloromethane, washed with

10% sodium hydroxide, dried over magnesium sul&te, then concentrated under

30 vacuum. The material was recrystallized fi-om ethyl acetate then fi-om toluene to

provide 1.15 g of criide product. This material was dissolved in methanol then

-^12-
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combined first with one equivalent ofhydrochloric add then with diethyl ether. The

resulting salt was converted back to the fi-ee base then purified by silica gel column

chromatography eluting with 10% methanol in ethyl acetate. The resulting material

was recrystallized firom toluene then dried under vacuum at 1 lO^'C to provide 0.7 g

5 of4-amjno-2-*utyl-a,a,-^imethyl-6J,8,9-tctrahydro-lH-iniida2o[4^

1-ethanol as a solid, m.p. 160.161.5**C. Analysis: Calculated for Ci8H2iN40: %C,

68.32; %H, 8.92; %N, 17.70; Found: %C, 67.96; %H, 8.95; %N. 17.48.

Example 5

4-Amino-<i,a-dimethyl-6,7,8,9-tetrahydro-lH-imidazo[4,S-c]quinol^

10 Platinum (TV) oxide (0.3 g) was added to a suspension of4-amino-a,a-

dimethyl-lH-imidazo[4,S-c]quinoline-l-ethanol (0.5 g. 1.95 mmole, U.S. Pat. No.

4,689,338 Example 1 89) in trifluoroacetic acid ( 1 5 mL). The mbcture was

hydrogenated at 50 psi (3.44 X 10* Pa) ovomight. The reaction nuxture was

filtered to remove the catalyst then concentrated under vacuum. The re^due was

15 diluted with water then combined with aqueous sodium bicari>onate. The resulting

precipitate was isolated by filtration. The nuclear magnetic resonance spectroscopy

indicated the reduced product.

Example 6

2-Methyl-[(4-nitro-5.tetrazolo[ 1 ,5-a]quinolinyl)amino]-2-propanol

20 Sodium azide (19.5 g, 0.3 moles), 2-mcthyl-[(2-chloro-3-nitroquinolin-4-

yl)amino]-2-propanol (29.6 g, 0.10 mole, U.S. Pat. No. 4,988,815 Example 12) and

N,N-dimethylfonnamide (100 mL) were added to a jacketed 1 liter round bottom

flask with the out»de portion contaimng ac^one. The reaction nuxture was stirred

mth a stirring bar and the acetone refluxed to provide a constant internal reaction

25 temperature of 53''C. After 1 8 hours the reaction mbcture was dihited with water

(100 mL). The resulting yellow precipitate was isolated by filtration then washed

with 50% N,N-dimethylformamide/water until the washes became light colored.

The yellow/green solid was then washed with water, pressed dry and washed with

ether. The solid was air dried to provide 27.2 g of crude product as a yellowAight

30 green solid. This material was recrystallized fi'om ethanol/dichloromethane to

provide 2-methyl-[(4-nitro-5-tetrazolo[l,5-a]quinolinyl)amino]-2-propanol as a

-13-
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yellow ctystalline solid, in.p. lOA^'C (dec.). Analysis: Calculated for Ci3Hi4N603:

%C, 51.65; %H. 4.67; 27.8; Found: %C, 51.30; %H, 4.69; %N, 27.43.

Example 7

[(4-Ainino-5-tetrazolo[U5-c]quinolinyl)aniino]-2-nie^

5 2-Metfayl-[(4-mtro-S-tetrazolo[l,S-a]quinolinyI}anuno>^ (30.2 g»

0.10 mole. Example 6), ethanol (300 mL) and 5% Pd/C (1.0 g of50% water wet)

were placed in a Paar apparatus. The mixture was hydrogenated. The mixture was

diluted with dichloromethane then filtered to remove the catalyst. The filtrate was

concentrated under vacuum. The crude product was recrystallized &om ethanol to

10 provide 20.5 g of [(4-aniino-5-tetrazoIo[U5-c]quinolinyl)amino]-2-mcthyl-2-

propanol as a yellow/green crystalline solid, m.p. 164-16T'C. Analysis: Calculated

for Ci3Hi6N60: %C, 57.33; VM, 5.92; %N, 30.88; Found: %C. 56.94; %H. 5.88;

%N, 30.80.

Exanq>le8

15 a,a-Dimediyi-6H-imidazo[4,5-c]tetrazolo[ 1 ,5-a]quinoline-6-ethanol

[(4-Amino-54etrazolo[l,S-c]quinolinyl)amino]-2-methyl-2-propanol (5 g,

0. 1 8 mole, Exan^ile 7) was dissolved in triethyl orthoformate (1 7 g). The sohition

was heated at 120X for 20 hours. The reaction mixture was allowed to cool to

ambient temperature then it was diluted with 1 N hydrochloric acid. Formic acid

20 (20 mL) was added to the mixture which was then heated at reflux for an hour. The

reaction mixture was concentrated under vacuum then neutralized with sodium

hydroxide. The crude product was recrystallized fi-om ethanol/ethyl acetate to

provide a,a-dimethyl-6H-imidazo[4,5<]tetrazolo[l,5-a]quinoline-6-ethanol as a

soUd, m.p. 245-248X. Analysis: Calculated for C14H14N6O: %C. 59.55; %H, 4.99;

25 %N, 29.77; Found: %C, 59.44; %H, 4.93; %N, 29.65.

Example 9

Tetnizolo[l,5-a]quinolin-5-d

Pan A

Anthranilic acid (274.3 g) and acetic anhydride (ML) were combined then

30 heated at reflux for 3.5 hours. The reaction mixture was concentrated under
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vacuum. The residue ivas combined with methanol (SSO mL) thai concentrated

under vacuum to pro\dde 2-methyl-4-oxo-3,l-benzoxazine as a brown oil.

PartB

The crude 2-methyl-4-oxo-3,l-benzoxazine was dissolved in acetic add (1.9

5 L). Sodium azide (130.0 g) was added to the solution in portions with stirring. The

reaction mixture was cooled in an ice bath to maintain the reaction temperature at

25 to 30^C during the addition. The reaction mixture was allowed to stir at ambient

temperature over the weekend. The acetic acid was removed under vacuum to

provide a white solid. The solid was combined with 10% sodium hydroxide (1 .4 L)

10 then heated on a steam bath for 1 hour. Additional sodium hydroxide (120 g of

50% sodium hydroxide) was added. The mixture was heated on a steam bath for an

additional hour then allowed to cool to ambient temperature overnight. Additional

sodium hydroxide (120 g of50% sodium hydroxide) was added. The mbOure was

heated on a steam bath for 2 hours then allowed to cool. The reaction nuxture was

15 poured with rapid stirring into a mbcture ofconcentrated hydrochloric acid ( 1 .0 L)

and ice (3 L). The resulting mixture was stirred at ambient temperature overnight.

A precipitate was isolated by filtration, rinsed with water then slurried with water (4

L). The solid was isolated by filtration, rinsed with water then oven dried at SO^C

to provide 278.0 g of crude 2-(5-methyHH-tetrazoi-l-yl)benzoic add as a tan

20 solid, m.p. 1 57-1WC. The crude material was dissolved in 10% sodium hydroxide

(2.5 L). The resulting solution was heated (95-99^C) for 2.5 hours, cooled, then

poured with vigorous stirring into a mixture ofconcentrated hydrochloric add (500

mL) and ice (5 L). The resulting mbcture was allowed to stir for 2 hours. The

precipitate was isolated by filtration, rinsed with water, then slurried with water (3

25 L). The solid was isolated by filtration, rinsed vrith wat^ then dried overnight at

ambient temperature to provide 228 g of2-(5-methyl-lH-tetrazol-l-yl)benzoic acid,

m.p. 164.166°C.

Pane

Acetone (3.2 L) and 2-(5-methyl-lH-tetrazoH-yl)ben2oic acid (228 g)

30 were combined then stirred at ambient temperature for 15 minutes. Potassium

carbonate (228 g) was added to the reaction nuxture in a single portion.
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lodoethane (366.8 g) was added dropwise to the reaction mixture produdng a

slight exothenn. Thereacdonmixturewasheatedat reflux for about 4 hours then

stirred overnight while cooling to ambient tenq>erature. The precipitated salts were

removed by filtration then rinsed with acetone. The combined filtrates were

5 evaporated under vacuum. The residue was dissolved in didiloromethane(l.SL).

The dichloromethane solution was washed with water (1 .5 L), dried over

magne^um sulfate then concentrated under vacuum to provide 227 g of ethyl- 2-(S-

methyl-lH-tetrazoI-l-yl)benzoate as a white solid m.p. 98-IOO^C.

PartP

10 Potassium ethoxide (173.5 g) was added in portions with stirring to a

mixture of ethyl- 2-(S-methyl-lH-tetrazol<l-yl)benzoate (227 g) and HN-

dtmethylformamide (1 .6 L). The reaction mixture was cooled with an ice bath to

control the resulting exothenn. The reaction mixture was stirred overnight at

ambient temperature then quenched' with water (17 L). The pH was adjusted to pH

15 5 with acetic add (170 niL). The resulting precipitate was isolated by filtration,

rinsed vnih water then reslurried with water (2.S L). The solid was isolated by

filtration, rinsed with water thra oven dried (SS to 6(rC) for 16 hours to provide

169.0 g ofa white solid. A 3.0 g sample was reciystallized fit>m

ethanol/dichloromethane to provdde tetrazolo[l,S-a]quinolin-S-ol as a white solid,

20 m.p. 248^C (dec ). Analysis: Calculated for C9H6N4O: %C, 58.06; %H, 3.25; %N,

30.09; Found: %C, 58.02; %H, 3.29; %N, 30.20.

Example 10

4-Nitrotetrazolo[l,5-a]quinolin-5-ol Hydrate

Tetrazolo[l,S-a]quinolin-S-ol (10 g, 54 mmole. Example 9) was suspended

25 in acetic add (200 mL) then warmed to 40^C. Nitric add (4 mL of 16M, 59

mmole) was added to the reaction mbcture. The reaction mixture was heated at

80^C for 30 minutes then allowed to cool to ambient temperature. The resulting

precipitate was isolated by filtration, rinsed with water then recrystallized fi-om

isopropanol/water to provide 8.1 g of 4-nitrotetrazolo[l,5-a]quinoiin-5-ol hydrate

30 as light yellow plates, ntp. 186.5-18T'C. Analysis: Calculated for C9H3N5O3 •

H2O: %C, 43.38; %H, 2.83; %N, 28.10; Found: %C, 43.27; %H, 2.84; %N, 28.25.
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Example 1

1

4-Nitrotetrazolo[l,S-a]quinolii^^S-yI]trifluoromethanes^

Trietfaylamine (0.6 mL, 4.32 mmole) was added to a suspension of4-

nitrotetrazolo[l,S-a]quinoIin-5-ol (1.0 g, 4.32 nunoles. Example 2) in

5 dichloromethane (20 mL). The reaction mixture was cooled to O^C. Triflic

anhydride (0.73 mL, 4.32 mmole) was added. The reaction mixture was stirred for

3 hours at O^C. The reaction mixture was diluted with dichloromethane (SO mL),

washed with O.S N hydrochloric add, dried over magnesium sulfate and

concentrated under vacuum. The residue was combined with hexanes (100 mL),

10 refluxed for 1 S minutes and filtered. A solid precipitated from the filtrate on

cooling. The solid was isolated by filtration and dried to provide 0.2 g of4-

nitrotetrazolo[l,S-a]quinolin-S-yl]trifluoromethanesulfonate as a white solid, m.p.

132.134**C. Analysis: Calculated for C10H14F3N5O5S: %C, 33.07; %H, 1.11; %N,

19.28; Found: %C, 33.19; %H, 1.28; %N, 19.6.
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WHAT IS CLAIMED IS:

1 . A process for prq)aring a compound ofFormula I

5

wherein

Ri is selected from the group consisting ofhydrogen; qrdoalkyl ofthree,

four, or five cai1>on atoms; straigjit chain or branched chain alk^ containing one to

10 about ten carbon atoms and substituted straight chain or brandied chain alkyl

containing one to about ten carbon atoms, vdierein the substituent is sdected from

the group consisting ofcycloalkyl containing three to about ax carbon atoms and

cydoalkyl containing three to about «x caibon atoms substituted by straight chain

or branched chain alkyl containing one to about four carbon atoms; hydroxyalkyl of

15 one to about six carbon atoms; alkoxyalkyl wherein the alkoxy moiety contains one

to about four carbon atoms and the alkyl moiety contains two to about six carbon

atoms; ac)doxyalkyl wherein the acyloxy moiety is alkanoyloxy oftwo to about four

caibon atoms or brazoyloxy, and the alkyi moiety contains one to about sk carbon

atoms; aminoalkyi ofone to about four carbon atoms; morpholinoalkyi herein the

20 alkyl moiety contains two to about four carbon atoms;

Ra is sdected from the group conasting ofhydrogen, straight chdn or

branched chun alkyl contaiiung one to about dg|it carbon atoms and -C(R«XRtX^

wherein Rs and Rt are independently sdected from the group consisting of

hydrogen and alkyl of one to about four carbon atoms,

25 X is sdected from the group consisting ofalkoxy containing one to about

four carbon atoms, alkoxyalkyl wherein the alkoxy moiety contains one to about

four carbon atoms and the alkyl moiety contains one to about four carbon atoms.
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alk^amido wherdn the alkyl group contains one to about four carbon atoms,

amino, substituted amino wherein the substituent is alkyl or hydroxyalkyi of one to

about four carbon atoms, and morpholinoalkyi wherein the alkyl moiety contains

one to about four carbon atoms, and

5 Ris selected from the group consisting ofhydrogen, straight chain or

branched chain alkyl containmg one to about four carbon atoms;

comprising the steps of:

(i) providing a compound ofFormula n

wherein R, R|, and R2 are as defined above;

(ii) reducing a solution or suspension ofthe compound ofFormula II in a strong

acid in the presence ofplatinum (TV) oxide under hydrogen pressure;

15 (iii) isolating the compound ofFonnula I or a pharmaceutically acceptable

addition salt thereof

2. A process according to Claim 1 wherein the strong add is selected

from the group consisting of trifluoroacetic acid and concentrated sulfiiric acid.

20

3. A process according to Claim 1 wherein the strong add is

trifluoroacetic acid.

4. A process according to Claim 1 wherein R] is selected from the

25 group consisting of straight chain or branched chain alkyl containing one to about

eight carbon atoms and hydroxyalkyi containing one to about sbc carbon atoms.
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10

15

20

5. A process according to Claim 1 wherein Ri is 2-metfaylpropyl.

6. A process according to Claim 1 wherein Ri is 2-faydroxy-2-

methyipropyl.

7. A process according to Claim I wherein R2 is selected from the

group consisting ofhydrogen, straight chain or branched chain allcyl containing one

to about four carbon atoms, and alkoxyalkyl vdierein the alkoxy moiety contains

one to about four carbon atoms and the alk^ moiety contains one to about four

carbon atoms.

8. A process according to Claim 1 wherein R2 is selected from the

group consisting ofhydrogen, methyl and ethoxymetfayl.

9. A process according to Claim 1 wherein R is hydrogen.

10. A process for preparing a compound ofFormula I

Ri is selected from the group conststii^ ofhydrogen; cydoaUcyl ofthree,

four, or five carbon atoms; straight chain or branched chain alkyl containing one to

about ten carbon atoms and substituted stndgfA chain or branched chain alkyl

containing one to about ten carbon atoms, ^^^rfierdn the substituent is selected from

the group consisting of cycloalkyl containing three to about six carbon atoms and

cycloalkyl containmg three to about sue carbon atoms substituted by stnught chain

wherein
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or branched chain allcyl containing one to about four carbon atoms; hydroxyalkyl of

one to about six carbon atoms; alkoxyalkyl wherdn the aikoxy moiety contains one

to about four carbon atoms and the alkyi moiety contains two to about six carbon

atoms; acyioxyalkyl wherein the acyloxy moiety is alkanoyloxy oftwo to about four

5 carbon atoms or benzoyloxy, and the alkyI moiety contains one to about sbc carbon

atoms; aminoalkyi ofone to about four caibon atoms; morphoiinoalkyl wherein the

alky] moiety contains two to about four carbon atoms;

R2 is selected from the group consisting ofhydrogen, straight chain or

branched chain alkyl containing one to about eight carbon atoms and -C(R.XRi)PO

10 wherein R5 and Rt are independently selected from the group consisting of

hydrogen and alkyl ofone to about four carbon atoms,

X is selected from the group consisting ofaikoxy containing one to about

four carbon atoms, alkoxyalkyl wherein the aikoxy moiety contains one to about

four carbon atoms and the alkyi moiety contains one to about four carbon atoms,

15 alkylamido wherein the alkyl group contains one to about four carbon atoms,

amino, substituted amino wherein the substituent is alkyl or hydroxyalkyl of one to

about four carbon atoms» and morphoiinoalkyl wherein the alkyl moiety contains

one to about four caibon atoms, and

Ris selected from the group con^sting ofhydrogen, straight chain or

20 branched chain alkyl containing one to about four carbon atoms;

comprising the steps of:

(i) providing a compound ofFormula III
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(jS) reducing a solution or suspension ofthe compound ofFormula n in a strong

add in the presence ofplatinum (IV) oxide under hydrogen pressure;

Ciii) isolating the compound ofFormula I or a pharmaceutically acceptable

addition salt thereof

5

11. A process according to Claim 10 wherein the strong add is selected

from the group con^sting of trifluoroacetic add and concentrated sulfuric add.

12. A process according to Claim 10 wherein the strong add is

10 trifluoroacetic add.

13. A process according to Claim 10 wherein Ri is sdected from the

group consisting of straight chain or branched chain aOcyl containing one to about

dght carbon atoms and faydros^alkyl containing one to about six carbon atoms.

IS

14. A process according to Claim 10 wherein R| is 2-meth^propyl.

15. A process according to Claim 10 wherein Ri is 2-hydroxy-2-

methylpropyl.

20

16. A process according to Claim 10 wherein R^ is sdected from the

group consisting ofhydrogen, straight chain or branched diain alkyl containing one

to about foiu- cari)on atoms, and alkoxyalkyl wherein the alkoxy moiety contains

one to about four carbon atoms and the alkyl moiety contains one to about four

25 carbon atoms.

17. A process according to Claim 10 wherein R2 is sdected from the

group consisting ofhydrogen^ methyl and ethoxymethyf.

30 18. Aprocessaccording to Claim 10 whereinR is hydrogen.
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AMENDED CLAIMS
[received by the International Bureau on 9 May 1997 (09.05.97);

original claims 2, 3, 11 and 12 cancelled; original claims 1 and 10
amended; remaining claims unchanged (5 pages)]

1 . A process for prqiaring a compound ofFonnula I

5

wherein

Ri is selected from the group consisting ofhydrogen; cycloalkyl ofthree,

four, or five carbon atoms; straight chain or branched chain alky! containing one to

10 about ten carbon atoms and substituted straight chain or branched chain alkyl

containing one to about ten carbon atoms, wherein the substituent is selected from

the group consisting ofcycloalk^ containing three to about sue carbon atoms and

cycloalkyl containing three to about six carbon atoms substituted by straight chain

or branched chain alkyl containing one to about four carbon atoms; hydroxyalkyl of

15 one to about six carbon atoms; alkoxyalkyl wherein the alkoxy moiety contains one

to about four carbon atoms and the alkyl moiety contains two to about six carbon

atoms; acyloxyalkyl wherein the acyloxy moiety is alkano>ioxy oftwo to about four

carbon atoms or benzoyloxy, and the alkyl moiety contains one to about six carbon

atoms; aminoalkyl ofone to about four carbon atoms; morpholinoalkyl wherein the

20 alkyl moiety contains two to about four carbon atoms;

R2 is selected from the group consisting ofhydrogen, straight chain or

branched chain alkyl containing one to about eight carbon atoms and -C(R.XR<XX)

wherein R5 and Rt are independently selected from the group consisting of

hydrogen and alkyl ofone to about four carbon atoms,

25 X is selected from the group consisting ofalkoxy containing one to about

four carbon atoms, alkoxyalkyl wherein the alkoxy moiety contains one to about

four carbon atoms and the alkyl moiety contains one to about four carbon atoms.
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10

15

20

allq^lamido wherein the alkyl group contains one to about four carbon atoms,

amino, substituted amino wherein the substituent is alkyl or hydroxyalkyi ofone to

about four carbon atoms, and morpholinoalkyl wherein the alkyl moiety contains

one to about four carbon atoms, and

Ris selected from the group consisting ofhydrogen, straight chain or

branched chain alkyl containing one to about four carbon atoms;

comprising the steps of:

(i) providing a compound ofFormula II

wherein R, Ri, and R2 are as defined above;

(ii) reducing a solution or suspension of the compound ofFormula n in

trifluoroacetic acid in the presence of platinum (IV) oxide under hydrogen pressure;

(iii) isolating the compound ofFormula I or a pharmaceutically acceptable

addition salt thereof.

4. A process according to Claim 1 wherein Ri is selected from the

group conasting of straight chain or branched chain alkyl containing one to about

eight carbon atoms and hydroxyalkyi containing one to about six carbon atoms.

5. A process according to Claim 1 wherein Ri is 2-methylpropyl.

6. A process according to Claim 1 wherein Ri is 2-hydroxy-2-

methylpropyl.
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7. A process according to Claim 1 wherein R2 is selected from the

group consisting ofhydrogen, straight chain or branched chain alkyl containing one

to about four carbon atoms, and alkoxyalkyi wherein the alkoxy moiety contains

one to about four carbon atoms and the alky] moiety contains one to about four

5 carbon atoms.

8. A process according to Claim 1 wherein Rj is selected from the

group consisting ofhydrogen, methyl and ethoxymethyi.

10 9. A process according to Claim 1 wherein R is hydrogen.

10. A process for preparing a compound ofFormula I

wherein

Ri is selected from the group con^sting ofhydrogen; cycloalkyl ofthree,

four, or five carbon atoms; straight chain or branched chain alkyl containing one to

about ten carbon atoms and substituted straight chain or branched chain alkyl

20 containing one to about ten carbon atoms, wherein the substituent is selected from

the group consisting of cycloalkyl containing three to about six carbon atoms and

cycloalkyl containing three to about sbc carbon atoms substituted by straight chain

or branched chain alkyl containing one to about four carbon atoms; hydroxyalkyl of

one to about six carbon atoms; alkoxyalkyi wherein the alkoxy moiety contains one

25 to about four carbon atoms and the alkyl moiety contains two to about six carbon

atoms; acyloxyalkyi wherein the acyloxy moiety is aikanoyloxy oftwo to about four

carbon atoms or benzoyloxy, and the alkyl moiety contains one to about six carbon
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10

15

20

atoms; aminoalkyl ofone to about four carbon atoms; morpholinoalkyi wherein the

alkyl moiety contains two to about four carbon atoms;

R2 is selected from the group consisting ofhydrogen, straight chain or

branched chain alkyl containing one to about eight carbon atoms and -C(R«)(R()(X)

v^erein Rs and Rt are independently selected from the group consisting of

hydrogen and allcyl ofone to about fcnir carbon atoms,

X is selected from the group consisting ofalkoxy containing one to about

four carbon atoms, alkoxyalkyi wherein the alkoxy moiety contdns one to about

four carbon atoms and the alkyl moiety contains one to about four carbon atoms,

alkyiamido wherein the alkyl group contains one to about four carbon atoms,

amino, substituted amino wherein the substituent is alkyl or hydroxyalkyl of one to

about four carbon atoms, and morpholinoalkyi wherein the alkyl moiety contains

one to about four carbon atoms, and

Ris selected from the group consisting ofhydrogen, straight chain or

branched chain alkyl containing one to about four carbon atoms;

comprising the steps of:

(i) providing a compound ofFormulam

wherdn R, Ri, and R2 are as defined above;

(ii) reducing a solution or suspension ofthe compound ofFormula II in

trifluoroacetic acid in the presence of platinum (TV) oxide under hydrogen pressure;

(iii) isolating the compound ofFormula I or a pharmacaitically acceptable

addition salt thereof.
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13. A process according to Claim 10 wherein Ri is selected from the

group consisting of straight chain or branched chain alkyl containing one to about

eight carbon atoms and hydroxyalkyl containing one to about six carbon atoms.

5 14. A process according to Claim 10 wherein R| is 2-methylpropyl.

15. A process according to Claim 10 wherein Ri is 2-hydroxy-2-

methylpropyl.

10 16. A process according to Claim 10 wherein R2 is selected from the

group consisting ofhydrogen, straight chain or branched chain alkyl containing one

to about four carbon atoms, and alkoxyalkyl wherein the alkoxy moiety contains

one to about four carbon atoms and the alkyl moiety contains one to about four

carbon atoms.

15

17. A process according to Claim 10 wherein R2 is selected from the

group consisting ofhydrogen, methyl and ethoxymethyl.

18. A process according to Claim 10 wherein R is hydrogen.
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